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Central and Eastern Europe (CEE) is a region suffering a
general lack of data on concentrations of persistent organic
pollutants(POPs)intheenvironment(UNEP,2002a;UNEP,2002b).
ManyCEE countries (aswell as former SovietUnion countries in
Asia)havetodealwiththesamehistoricalburden:heavyindustry
(coal mining, metallurgy, smelting, steel industry, and power
stations), former production of POP chemicals including
polychlorinated biphenyls (PCBs) or organochlorine pesticides
(OCPs), extensive agriculture, as well as poor environmental
management. Information on production, export, import and
application of the POP chemicals was scarce in the past but




in the region. The stocksofobsoletepesticides,POPs containing
equipment,andoldenvironmentalburdenswere identifiedasthe
most important sources of the POPs pollution (Ruzickova et al.,
2008) together with the industrial technologies and open
combustion processes resulting in unintentional releases of
polychlorinated dioxins and furans (PCDDs/Fs) and polycyclic
aromatichydrocarbons(PAHs)(Zencaketal.,2007;Kukuckaetal.,
2009; Gasic et al., 2010; Lammel et al., 2010a; Lammel et al.,
2010b; Lammel et al., 2011). Various programs focused on
identifyingPOPpesticides.Re–packingandstoringthemunderthe
environmentally–sound conditions have been carried out in the
CEEcountriessince1990s.Still, ithasbeendifficult toestimatea





release of the large amounts of POPs (including polychlorinated
biphenyls,flame–retardants,andexplosives)intotheenvironment
(Melasetal.,2000;Kerekesetal.,2001;PicerandHoloubek,2003;
Picer and Picer, 2003). Many damaged PCB filled capacitors
remained in service posing further risks, and even when their




public. Even less informationwas released on the impact of the
war conflicts in the Caucasian region (between Armenia and
Azerbaijan,inGeorgia)orintheRussianFederation(Chechnya).

Availability of data on the environmental levels of POPs is
generally limited in the CEE region (Roots and Sweetman, 2007;
Skarek et al., 2007; Bartos et al., 2009). The only program
monitoringPOPs inambientairon the long–termbasishasbeen
carriedout in theCzechRepublic.Thisbackground stationof the
Czech Hydrometeorological Institute (CHMI) is a part of the
European Monitoring and Evaluation Program (EMEP). POPs in
ambient air (but also in atmospheric deposition, surface water,





Klanovaetal.,2006),andby2006, itexpandedto therestof the
CEEregion.Oneofthegoalswastoestablishtheregionalbaseline
of thePOP concentrations in ambient air for thepurposeof the
GlobalMonitoringPlan(GMP).Adesignofthisnetwork,however,
went beyond the firstGMP report. It addressed amore general
need for collecting representative regional data on the POP
pollution(Mlilukaiteetal.,2008;Rootsetal.,2010;Stafilovetal.,
2011), and improving the knowledge on spatial and temporal








Passive air samplers were employed in 22 CEE countries
(Armenia, Belarus, Bosnia and Herzegovina, Bulgaria, Estonia,
Hungary, Croatia, CzechRepublic, Kazakhstan, Kyrgyzstan, Latvia,
Lithuania, Macedonia, Moldova, Montenegro, Poland, Romania,
Russian Federation, Serbia, Slovakia, Slovenia, Ukraine) between
2006 and 2008. This network consisted of 155urban, rural and
remotesites,manyofthemaffectedbyindustry,traffic,agriculture
or residential activities. Out of this number, 55sites could be
classified as remote, ruralorurbanbackground, and 10of them






disks (15cm diameter, 1.5cm thick, density 0.030gcm–3, type
N3038;GumotexBreclav,CzechRepublic)housedintheprotective
chamberswereemployedinthisstudy.Atheoryofthepassiveair
sampling using the similar devices was described elsewhere
(ShoeibandHarner,2002;Harneretal.,2004;Harneretal.,2006).
Thesamplingchamberswereprewashedandsolvent–rinsedwith
acetone prior to installation. All PUF disks were prewashed,
cleaned (8hours extraction inacetone and 8hours in
dichloromethane), wrapped in two layers of the aluminum foil,





on theco–employmentof theactiveandpassivesamplers (giving
100–200m3ofairinfourweeksofdeployment).TheexposedPUF
diskswerewrapped in two layers of the aluminum foil, labeled,
placedinzip–lockpolyethylenebagsandtransportedinacoolerat





The surrogate recovery standards (PCB 30 and PCB 185 for
PCBsandOCPanalysis,d8–naphthalene,d10–phenanthrene,d12–
perylene forPAHsanalysis)were spikedoneach sampleprior to
extraction.One laboratoryblankandonereferencematerialwere
analyzedwitheachsetoftensamples.Allsampleswereextracted





were used as the internal standards for PCB/OCP, and PAH
analyses, respectively. Samples were analyzed using a GC–MS
instrument(HP6890–HP5975)withaJ&WScientificfusedsilica
columnDB–5MS (5% Ph) in electron impact ionizationmode for
PCBs:PCB28,PCB52,PCB101,PCB118,PCB153,PCB138,PCB
180, OCPs: ɲ–hexachlorocyclohexane (HCH), ɴ–HCH, ɶ–HCH, ɷ–
HCH, 1,1–dichloro–2,2–bis (p–chlorophenyl) ethylene (p,p´–DDE),
1,1–dichloro–2,2–bis (p–chlorophenyl) ethan (p,p´–DDD), 1,1,1–
trichloro–2,2–bis (p–chlorophenyl) ethan (p,p´–DDT), o,p´–DDE,
o,p´–DDD, o,p´–DDE, hexachlorobenzene (HCB), and
pentachlorobenzene (PeCB), and 16 US EPA polycyclic aromatic
hydrocarbons (PAHs) as described earlier (Klanova et al., 2009).
The samples (1μL)were injectedat80°Coven temperatureand
280°C injector and transfer line temperature. After 2min, the
temperaturewasraisedat15°Cmin–1to180°C,thenat5°Cmin–1






Recoverieswere determined for all samples by spikingwith
the surrogate standardsprior toextraction.Recoverieswere76–
100%, and 71–98% for all samples, for PCBs/OCPs, and PAHs,
respectively. Recovery factors were not applied to any of data.
Recoveryofnative analytesmeasured for the referencematerial
variedfrom88to103%forPCBs,from75to98%forOCPs,from72
to102%forPAHs.Thelaboratoryblankswereunderthedetection
limits for all compounds. The field blanks consisted of the pre–
extractedPUFdisks thatwere taken to each sampling site. They
wereextractedandanalyzedinthesamewayasthesamples,and
the levels in field blanks never exceeded 3% of the quantities
detected in the samples for PCBs, 1% for OCPs, 3% for PAHs,





The following sections summarize data on the ambient air
concentrationsofPOPs inCEEcollectedbetween2006and2008.
Asmentioned above, the temporal trends of atmospheric POPs
couldonlybe assessed atKosetice station in theCzechRepublic
(Holoubek et al., 2007a), the only CEE sitewith a long–term air
monitoring program. The results of the present study, however,
extendtheknowledgeonthesourcesofatmosphericPOPs inthe
CEE region, their spatial distribution patterns and concentration
ranges. A full range of PCB, HCH and DDT levels measured in
background, ruralandurbanairareshown inFigures1,2,and3.
Similar information on HCB and PAH levels is provided in SM,
FiguresS2andS4.

In order to establish the regional baseline of the POP
concentrationsinambientair,wehavetopayspecialattentionto
their levels at thebackground sites.Outof 155sites assessed in
this study, 55 were the background sites (10EMEP stations, 22
otherremoteandruralbackgroundsites,and23urbanbackground
sites) (see the SM TableS1 and FigureS1). Descriptive statistics
(minimum, maximum, median and mean) of the atmospheric
concentrationsofPOPsattheremoteandruralsites(includingthe
EMEPstationsinBosniaandHerzegovina,Estonia,CzechRepublic,
Kazakhstan, Latvia, Macedonia, Slovakia, and Slovenia) are
provided inTablesS2–S6 (see theSM).Median concentrationsof
POPsinthebackgroundairareshowninFigures4,5,6,S2andS4
for the individualPOP groups.All concentrations are reported in
the units of nanogram or microgram per sample, each sample















condensers,hydraulic systems andotherPCB containingdevices,





96ʅgsample–1 in the ambient air samples collected in CEE
between2006and2008(Figures1aand1b).ThehighestPCBlevels
(96ʅgsample–1) were found in the air samples from Ust–
Kamenogorsk,Kazakhstan. These sampleswere collectedoutside
the impregnation workshop in the industrial complex of the
capacitorplantwherePCBswereusedbetween1968and1990as
aliquidfillingforthecapacitors(insidethisbuilding,thePCBlevels
reached 237ʅgsample–1). Similar levels of PCBs (61ʅgsample–1)
werealsofoundatformermilitarybaseinBalchash,Kazakhstan.It
hasbeenestimatedthat980metrictonsofPCBsarestillcontained
in transformers and capacitors in Kazakhstan while the total
amount of wastes containing PCBs is 250000tons. In the






levels comparable to Kamenogorsk city were also found at
urban/industrialsitesinRomania(Braila,FiliasiorTimisoara,levels
up to 1ʅgsample–1). In theurban sites ofmany other countries
(Armenia,Bosnia,CzechRepublic,Kyrgyzstan,Montenegro,Serbia,
Slovakia), the PCB concentrations were in the range of tens of
nanogramspersample.

Ascanbe seen inTableS2 (see theSM)and inFigure4, the
median PCB concentrations at the CEE background sites ranged
between1and124ngsample–1.Even lower concentrationswere
found at the EMEP stations (1–23ngsample–1). In contrast, the
highest median concentrations were determined at the







OCPswere produced inmany CEE countries during the last
century,andappliedinallofthem.Thehighatmosphericlevelsof
OCPs are often being found in the countries where they were






contaminated soils, are considered to be the main sources of
OCPs.InKyrgyzstanalone,forinstance,almost5000metrictonsof
pesticides were used annually to control pests, weeds, and
pathogens.Almost2000metrictonsofpesticides, includingmore
than1000metrictonsPOPpesticideswereburied in thiscountry
andhigh levelsof aldrin,HCH,DDT, aswell as theirdegradation
products,havebeendetected in soils in the vicinity theseburial




without proper identification and adequate safety procedures.
Moldova is another country where the stockpiles of obsolete
pesticideshavebecomeasignificantproblemforthecountry,and
amajor threat for theenvironmentandpopulation’shealth.The
totalstockconstituted3000metrictonsofpesticidesat the time
of the campaign, and it has been estimated that the average
amountofPOPpesticides inthetotalstock isabout20–30%.The
obsolete pesticides are also the main reason for higher
atmospheric levels inUkraine (5000 store houses in agricultural








in the warehouses often not properly equipped to store such
chemicals.Packingmaterialshavedeterioratedovertime,causing
leakagesof chemicals into theenvironment. Thepesticideswere
indiscriminately mixed during repackaging and as a result, the
wholestockpileofpesticidesiscontaminatedwithPOPs.

The atmospheric concentrations of HCHs were not uniform
but rangedbetween0.1 and2320ngsample–1. ThehighestHCH
levels (up to2320ngsample–1)were foundat the industrialsites
in Romania (Turda, Onesti or Deva). Kazakhstan, Kyrgyzstan,




At the background sites, theHCH levels ranged from 0.1 to
148ngsample–1 (0.5–50ngsample–1 at the EMEP sites). Aswith
the impacted sites, thehighest concentrationsweremeasured in
Kazakhstan, Kyrgyzstan, Romania, Moldova, and Ukraine. The
background sites in Romania and Moldova were high in










The atmospheric levels of DDTs ranged between 0.1 and
173ngsample–1. As with HCHs, the industrial sites in Romania





from0.1 to55ngsample–1 (thesame for theEMEPstations),and






Russian Federation (46ngsample–1) and Bosnia andHerzegovina
(38ngsample–1). Concentrations of 10–20ngsample–1were also









of ngsample–1) than those observed in remaining countries
(TableS5andFigureS3inSM).Theselevelscorrespondedwiththe





Even though PAHs are not a subject of the international
conventions on POPs (their physicochemical properties do not
suggest persistence or bioaccumulation potential), they were
included in thissurveybecauseof theirsignificanthealth impacts
and potential for long–range transport. It has been shown in
previousstudies thatPAHs representaseriousproblems insome
oftheCEEcountries(Zencaketal.,2007).

The atmospheric PAHs ranged from 118ngsample–1 to
108ʅgsample–1and thehighest levelsweremeasured in thebig
cities and industrial centers of Romania (Deva, 108ʅgsample–1;
Bucuresti, 54ʅgsample–1), Serbia (Kragujevac, 82ʅgsample–1),
and Kazakhstan (Ust–Kamenogorsk, 30ʅgsample–1). Levels betͲ
ween 10–20ʅgsample–1 were also determined in Bulgaria, the
RussianFederation,andKyrgyzstan(FiguresS4aandS4binSM).As
traffic and industrialemissionsare themajor sourcesofPAHsat














CEE region and their highest concentrations corresponded well
withthestrongestsourceareas.ThehighestPAHlevelswereagain
measured inRomania (Ruginesti, 99ʅgsample–1) but half of this
value(43ʅgsample–1)wasalsomeasuredatthe IvanSedloEMEP
station in Bosnia and Herzegovina. Unlike the levels of
organochlorines, thePAH concentrations at thebackground sites
reached theirmaximaduring thewinter samplingperiodsdue to
seasonalheating.ThehigherwinterlevelsofPAHswerealsofound






Ambient air concentrations of POPs were measured at
55background sites in the CEE region, ranging from remote to
urban. Generally, polychlorinated biphenyls and polycyclic
aromatic hydrocarbons were found at the highest levels at the
suburban,urban and industrialbackground sites as their sources
are strongly associated with industry, combustion, residential
activities, local heating systems and traffic. Organochlorine
pesticidessuchasHCH,DDT, their isomersandmetaboliteswere
most frequentlydetectedathigher levelsattheruralbackground
siteswithahigher influenceof theagriculture includingpesticide
storageandburialsites.TheEMEPstations involved in thisstudy
showedgenerallylowlevelsofatmosphericPOPswhencompared
to other background sites with the exception of the HCB
contamination.TheatmosphericlevelsofPOPsfoundinthissurvey
can be compared to those of the previous PAS campaign
performedat86EMEPstationsinthesummerof2006(Halseetal.,
2011). However, it should be noted that the previous campaign
wascarriedoutduringthewarmestseason,whileallseasonswere
equally covered in the current study. Thus, data from the two
studiesmay not be fully comparable. All concentration data are








range of PCB levels calculated across all background stations,
however, was between 10 and 1200pgm–3, while the median
concentrations at the stations varied from 19 to 187pgm–3. It
showsbotha largespatialvariability in thePCB levelsamong the





434pgm–3 for the long–term median concentrations) while a
rangeof concentrationsbetween9and311pgm–3was reported
previously (with an average of 64pgm–3 for all EMEP stations)
(Halse et al., 2011). These results also showed good agreement
betweentheoldandnewsurvey,andtheresultsoftwodifferent
studydesigns. TheHCH levels at allbackground sites involved in
thisstudyvaried from34 to1062pgm–3 (medianconcentrations
from 52 to 883pgm–3) demonstrating higher contamination of




of 4DDTs varied between 1 and 356pgm–3 (EMEP average of
32pgm–3)whiletherangeofconcentrationsofthesumof6DDTs
attheCEEEMEPstationsmeasuredinthiscampaignwasbetween
5 and 554pgm–3 (median levels at the individual stations 8–
414pgm–3).Thisrangewas identical to therangeofmedianDDT
levels determined at all background stations, showing that even
some EMEP stations (Rucava in Lithuania) have considerable
504 Pribylovaetal.–AtmosphericPollutionResearch3(2012)494–505 







previously reported survey, the levels varied between 23 and
115pgm–3(EMEPaverageof49pgm–3)(Halseetal.,2011).

Agreaterdifferencebetween theEMEP levelsand the levels
determinedatotherCEEbackgroundsiteswasobservedforPAHs.
PreviouslyreportedEMEP levelswerebetween0.2and35ngm–3












aremostly situated in thenorthernandwesternpartsofEurope
(KoseticestationintheCzechRepublicistheonlyactivestationin
CEE), the CEE region suffers from a lack of information on the
levelsof thesecompounds inair.First,consistent informationon
the atmospheric levels of POPs in this regionwas generated in








and (iii) seasonal and temporal variability of the POP levels.
Background data collected in this surveywere used by the CEE
Regional Organizational Group to prepare the first GMP report
under theSC in2009. Inorder toassess the long–term trends in
atmospheric levels of POPs required for the effectiveness
evaluationof theSC,selectedbackgroundsites in theCEE region
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and whisker plots showing HCB and PAH concentrations at all
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